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13.4 YA-@eaA" M3 &fgat-9us @adA™ (Mass Energy and Nuclear Binding Energy)
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I)fs8es-faBes, fabea-UeTas W3 Uera-Ues € feudd Baie @8 579t 9% HIgdl
S Ufge™ (Magnitude) € d€ I8 | a7fgat 8% faa® 979 3 fad9d &dt o€ | I&H &
fse M3 faGes € gigs™ fam & =far &rfgdl g% €F Jet AgS JIfe3Ha U &4t T |
13.6 3fsEwiafe=aT (Radio Activity)
IfsEmiafesar & &7 €. %Y. §399% A.H.Bacquerel & H& 1836 {9 Htar =@n 13t | Gfarart
& few yam &5 fefasfes ags 3 Guat € Y3t 3T (flourescence)3 HeaetusT
(phosphorescence) BT Mfoia J9€ I8 83998 & e 39a ufowesT =4t | gafemy Uemhmd
A%ee € g¥ catan™ 3 fom yam uge 3 gwiw BT & OFg o aam feu sue faa
w3 fen Ude M3 gearfed use feu fea et wr eazr Iftmr | fem 3gr aet uifen 3
duT 3 e A¢ Serfed ude § Gadtr (develope) 3t feg 2t famnr fa feg use
Tt U gat At) feo fan feg fagt =ng aos Ifemr J=a9r & dfae 3 G3mafaz Jet
J<4it M3 TB A9 M3 Tl €67 § 9€ d sedried ude 3 uddt I=ait|

gwie feg 3 ydar & ganfenr fy 3ACafe=aT fex arfgeht ufuesT J fam feg
»mfaaxrf?wwu.(decay)g?zr | fewr & IFI6afe= ¥ (rodioactive decay) Wmie I& |
geg3 feu f3s 3g7 € 3t6nafes b de a5-

(1) = -¥ fan feg TS 5719 ‘He €30afA3 d€ 75 |

(2) B-4, fAn feg fedders M3 ufrAea(positron) (8T a7< fAveT UA 3 feddeTs € garag
ger 3 U7 979 31 feddes € % ggag ger I € Ja 95 |

(3) v, fAm feg €9 GaA™ (100keV AT #ifd) € Sevs §3mafAz I€ 75|

fegsT feg 99a yarg & ¥. 3 »iar fegrg otz Av=ar|

13.6.1 3f3€ miafes g fouy

fam 356 wafes aya f<T fHE o, B M3 y 4 T faor 9= feg ufen wreT 9 19 fan Ad 3
Hazwxrbwﬁrrfuwrrmié—u’memmgwéwmwvenmaﬁalﬁh?
WW@FW@'WNEWN A 3 A N afgat @ § 7 fgar g= 3t

W3 AN/At =N, (13.10)
faa A 336 miafes ¥ »iar (Radio Active decay constant) AT fewres Afagter 3 1 ( disintegration
Congtant)

At A fRT fE3 a8 aya ST srfgat et Aftenr ffg Ifenr ufeeass I dN = - dN ferset
(7 At — 0)) 3t N fg ufgeags St ea T

dN

— - dt
N



fen mitggs &7 €< UM AINE&& (Integration) 39& 3

N t (13.11)
dﬂ:— dt
N
N, t,
ES INN -InN,=-A (t—t) (13.12)

fea N fom uss t, 3 3f36 afes arfgat &t Afemr J1t, = 0 due 3 mitaee (13.12) &
eI BN 3 v _

In (13.13)

NOEIN (13.14)

fors S war T fa farst @ g%y fen 397 € fan 99 w3dt o faw & ussT adt gaeT|
H At 9A9 ¥59T € BvT (BT I fame gwe €9 feBw J=an) v udtue Jale 3t nwt
feg »m qafar fa A9 9%y Bargqr feas feGn dedr | 36 afaat v v fea v famn
If36 wafes ¥ faw migamg der I & Migae (13.14) grar femaz di3T faprr T

foi sy& €t ¥ €9 R y3t feaia AW <9 ¥ < & arfgat &f Aftmit get 3 1Hs 56 7 Ad
739w &9 ¥ 9 8 afgar & Afumt AN 3T dN = — AN | T&3Hd I HT R € I
femfipr gt - R = -4X

dt

A

mﬂaa?s(ls‘m)wdwl\llemmé; f'
__d_t =_ﬁ.},‘:"a—ir

w3 R=Re™M (13.15) J

feg 3f3€ wafes & foo @ mrs I (faGfa
At Miae® 13.15 € ANTE®& (Integration) ddak
MHEEE 13.14 3 U3 g3 AAY J) AURE J fa
Aé R =AN;3t-0.4 w9 JIfan fenfes mr
t3gedR € 3 mfewfea (Undecayed)
srfgat €t Attt N 575 96 gU &7 Refuz Jetd;

R =AN 13.16
ofsS ;a\'?% argar St wfemr jﬂim RO o 13.3 3996 siafes yrrabnt ot
oHS HEH?UA”«G”‘E"& HUS I EWIE"E @9 WISt (Exponential ) &
fea forafez & Mafe=am(Activity) I | ferer S| 99 T, AN & gre fidgt
HSed &9 (yIte Bq) I 7 IfgOiefeear €t A3t &t R widt afg
i1 996 <% Jadl 9998 & ae fIg farfes Aret I
3T fapur T |

1 §99% € »ag € ¥ Y3t Ads J | feq endt w3 fagdt (Curie) (y3ta Ci) &t mmi39 3
yGdr <9 9 7 S| H'3d Bq 3% J67 gU &8 HEfUF J:-




1 fa@dt =1Ci=3.7x1010% y3t Aals

=3.7x100Bq
Y 4 If3G arfgar €t ¥ vg fS9 93 Tyaus e I | fer gre & »i9u ©Ha (Half Life) €
warg 3 Wi wter 3 | fan 3fsE srfaa e »igu @ 7,89 mit § fam <o femet Aftent
wﬁf?afrfuw(ﬁfawfamo )e’rw“ru’rnm(NOIZ)a'ﬁrw—%'l
AHteas (13.14) fR9 AadT =T,
MIN=Ng/l2 u= 3

Tll2= In 2 - 0.693 (13.17)
mﬂm(l&l@ém,WﬁﬁWTl/z,Hﬁﬁvﬁﬁ#ﬁ%?WRo
<t few mi fe< »iat afa Av=ait |

fea g9 Adfuz HuEs #ins @19 (1) 7 | ferer Ws <t mitaes (13.14) 3 yuz der I | fan
AT Ea®t T t+ At fed §- 38 af9a R()AL (= Woe™MAt) T 1 fegst f&S /g t it 39
Hifes afde & |

fer et fegst g arfgat @ g% fies t AWge™M F2ar | fow 7e T fa a9 &fgar e /s
T ufe M3 I T Ales I'% U Jer J | fen BT #In3 81T € i yU3 a9s BTt §a3
MHTds ST T AN 03 3 € BT A7 (U7 ANESS) JId AN t=0 3 Hge Tfgar & ’fvnr
N, 3 <3 <& =ar | fen set

N, te” ‘dt

0 te” ‘dt
NO 0

fern ma®s & J9s 3

T=1A yug J2arr

SQudaz fifenT e wirt Auy &9 »HT T9nT Aae I

In 2
Ty2=—-= =7In2 (13.18)

feg fAg Ifsbmafes I3(fAT erfefert w2 usefsm) fagst & »eg Gvg st €
©HT (BaTgaT 15 #d9 A ) & IBaT e 993 We J aret A ufast ot fewfea T 99 7
W3 gud3 @9 Hae adt 75| ud3 fegst e arfgat fafanret gwmar ga=t gu 55

S3ues ST AT AAET I

s 13.4 §3 3T 2pu o, 82 B @y g 45x 10° AB T | 20y @
19 5 S wafeaTat 37
f5 : T2 =45x 109y
=45x10%y x 3.16 x 107 sy
=1.42x 10175
H AAEsd € 1 kmol &9 mfearsq Aftr € g9m99 yie J< 95 | fer ®eh1g,

i 1 26
o JH'S ka ol x 6.025 x 10 UdgH'E /kmol




=253x 1020 T

g¥d R JI
R=AN
0693N 0.693 25.3 102°
Wiz 1.42 107 S
53x 104sL
= 1.23x10%Bq
Geuwe 13.5 B ¥ @97 , rfefewH € »9u §HT 12.5 A% J1 25 A& g€ BT

Tfefennt € & aya e fdar gmar nifewfes I=arm?
J%: ufa—g'rﬂTErvrr?mTa 12.5 A% gie Zfeferd € SHE € Y J7a1 §9dIT | #aiS

125H"EWf8FrW€Tf€HWH3'&'H%§1ETHWIfEHB‘€]’25 A% g0d< g0
Tfefewy € fam sy e va mifewfes gmar gdar|

13.6.2 M&eT

28y @T 2347y RO ¥ w@er ¥ v ffq yIfez Geo9s I | o yfafenr &g gtz
afea ‘ne G3mafAz der @

288() ---> 234Th + fHe (13.19)

nwer ¥ g E3ues fewes dar afga & Ua Aftmt ¥ J& T8 ¥& &79d & 3B&T
&8 4 e J€t I w3 Yy wid 2 uie der I M 39 3 fan ue fea 2x € &fed
s 4y € fewes € quisd § wint Jof 3did 5% gamEe ati-

AX -> A4y + 4He (13.20)
mgwﬁwm [ milaes 13.6] M3 Goar Adfanie 3 feg e d fa
feg gerfeq & fifoe € @t A= ¥ 7o fewfes §sumet o g Un Forst a7fea @ 4n 3
Uz 92 | ¥n f<9 feg »izT G3ue &t aifsw Gavr € gu &9 yae der 71 afgat & Um
Aot 3 feg U3 arfen™ AT AgeT I fa@ 23:Th M3 tHe © IS YA WA fS9 25y € UA
3 ufe ger J|
g3t Ua Gorr w3 fewfes €3umet & g% ym Goar e #i39 fen yfaferm &" Qus
(Q- vaIue)?-le%'w'c‘?u‘@a?lT (Disintegration Energy)ale@TcﬂErl
wEer ¥ f&g

Q=(m-m,-my)c (13.21)
a7 T feg W fen yfafenr &9 Uer g8t g& aifsa QoA W3 G3uer &t g afsw
97 (7 Hemm3t &fga X Afgg I) =t T | few &t fam 37 faamT (Exothermtic reaction)
yfafenr (fAe fa M@er &) € et Q>0 J|




M =

@euee 13.6 A Jo' fay yie Uw &3 d° o=

= 238.05079 u tHe =4.00260u
23¢1h = 234.04363 U 'H =1.00783u
237p, = 237.05121 u
feg y3ia Pa 33 Yeniactatd (Z = 91) € Bt J|

a) 25y e ¥ T G3mafA3 Gonr e ufdass a9 |
b TIHE fF 2250 »U Hodt Yers ©3HafA3 &dt a9 AaeT |
d% @) 22U € MBET ¥ AHiads 13.20 € MaAe ger 7| fen yfenr ffg 3mefas
Qarr € Bt 39 T
Q= (MU —MTh—MHg) c?
yns &9 €3 wiigs Qudas << 739 995 3,
Q = (238.05079 — 234.04363 — 4.00260)u x c2

= (0.00456 u) c?

= (0.00456 u) (931.5 MeV/u)

=4.25 MeV.
b) 7 2su 9 ffa Yers & mry Huret €3Hers der d= 3t fewes yfafen fe=
feymar.-

w8y > 207Pa + IH
feg yfafenr He= g= 3 fon =gt
= (MU —Mpa—MH) c2 235

=(238.05079 — 237.05121 — 1.00783) u x 2

= (- 0.00825 u) c2

=—(0.00825 u)(931.5 MeV/u)

=-7.68 MeV

feg yfafemr er Q faGfa faeava I fem Bt YeraT & vy Hurat fewfes Jer Age
&t 9 1288y &Tfea 3 fed Yere §3HafA3 d9s Bet 7§ feng 7.68MeV G9aT yers
II&T U=t |

13.6.3 dte™-d (Beta Decay)
gter-v &9 fan sfea &9 f€a fedaes (5-4) 7 feq Uters (8-4) & WU HIat
C3rgrE JeT T | g a3 B - ¥ @ W @ugds JoT e IE

5P gS e T (13.22)

?>Na 2Ne e (13.23)
feg ¥ mildas (13.14) M3 (13.15) € »gAT I 96 fAn &% winAt ufa® It feg »iewr aat
& e (g fauz a7fga @ 4-J=9r | udg fem ¥ & »igu wig (T1/2) 7% TanTiemT™ AT AdeT
J | BT9s BT Guia3 fewest © BEt nigu-Bvg 143 fea M3 26 A T |1 g & feT
fedacTs € G@3HaAs € &% Jf fea MfsGedta (Antineutrino) (-) BT =t §3HdAs der d

e




w3 f-4 8 uries € 5% {58218 (Neutrino) (v) € §3Hans de J | fs831s fedaes
ot 3B&T fET 993 We U (9T fAed) @8 Me-IufAzg d de 76 Ifeg daasr &
&% frAge die ugnua fafemm (Wesk Interaction) dae I& | feg faat fafen a3 ueag
993 3t H39m (fygst <) § <t U9 a9 Aae 7% | fedt a9s J fa feast € 5o st g3t
it I | g~ M3 e fewesT feg Un Aftr A =0t ge8t -4 ST arfeq e yane #ia
ZlZugerIm3 g -ufeg 1 We der J | p~ - ¥ feg ys afgat yfanr fsBes & Ues
feg guizas

nop+e + — (13.24)
w3 f - ¥ feg Yes v fales feg guizas der J
pon+et+v (13.25)
yers v Ud faBers € Un &8 Wie J fer set Yers v falers feg ¥ (mit (13 25)) fAge
srfga € mied It Agw J Aefa fa€es e Uos feu fewes Haz nengr feg S A= d
(At (13.24))

13.6.4 ™y (Gamma Decay)

YIH'E € A6 319 f&9 & fu-J9 G9r™ A39 € I | 3 H39 (Ground State) »3
§3fA3 A9 (Excited State) fegst € Gar WaT few J9 <t <u feBus3T Jet T | yanre=t
897 H39™ (Atomic Energy Levels) € a2 (Order) eV ger d 7€ fa arfedt Ganr A3at
%F@HT—F%T: T &7 %39 (MeV) € s gTjT;lTEI' | T At xfasy 855 faT w3 3 v
Ty § A39 (AT 883 897 A39) 3 »r8er J i ico )
a7 € &e& (Photon) €3WafAz der T | fed e
X-fageT € 439 3 We 3Ida1 HaEt st fef

AUTas 39 3 fan amT fage e €3rans #s: v
Nucleus) € €°3fA3 »i=ngT (Excited State) fe= E, — 1.33 Mey
e e yfgrr feg fea des w3 fea 3 f il
73 1.33MeV o=t €t g faget € B3t ~

onaT sfga feg fewfes I =f yfan feg yearfa Jer T |

E = 1.17 MeWV

B2

fg39 134 > ¥Ni € B - ¥ 3 g fewfes sfoa f&9* 2 oy fager er

€3AIAS |
- 169



13.7 &Mgat @A (Nuclear Energy)

fg39 13.1 f<u Tone a1 Y3t fsBawtns dus Qe E, a9 feg A=30mM3 A=170¢
fegars feq &g Uugr gmar1 7 | fen gmar <9 Y3t faQastns dus Gonr Sar=ar Afeg
(8.0Mev) I | I8 &fgat A>30 TS a1 M3 ot FTfgat A>170 T8 g1 f9 fAs wAt
ufasT 7t 2y 9a 97 Y3t fsBashiis dus Garr 8.0MeV 3 ufle I | + dus GarT Tu 9=
3t 8w €fuz fiaver =9ar a7f9a &7 g® UA We Jd=ar fen a9s 7 Jet we g& dus Garr
T &9 fan Tu 9us QoA T &7feq <9 gEser I 3T g5 Q97T g99 faadart fan
g9 &f9d € € M3 € 3 FU fegaes Un 437 (fedss) w3 g&a sfgat e fan gt
srfgat f&g HanAs (Fusion) € yfemr fg feg gt der T |

I% M3 USHBIMH =Ia1 Uduarar3 Gaar Afimnr &9 Iufsamt anrfefea fafanmmet detmr
I5 IT%!Hﬁ'ﬁTFrw%T&"TQHWIe&o(qw S®e & g9 &t gur 7 | Aefa fan arfgat yfeamr
feg, MeV &9 €t Gorr fararaz et I | fer &et ya & is H3aT et arrfefed Afiir
€ g7€ &7f9d AN BuT gieT GanT T faa™ dae 75 | €€ 99s Bt 1kg Gafem € fedss
3 Bargar 10'* J €gar yuz Jet J, Aefd 1kg a@ € efge 3 107 J Gaar yuz Jet 9 |

13.7.1 fedss (Fission)

ged3t Ifs€ wiafew fewest 3 fewrer afgat 3 39 afgat aer fA= Ues, faBes,
NBET-IE Mfe T &8 I TBI Fgat yfprrer 3 fors € & 3t AgeseT g
J& |

huswfeawmﬁ:@zwma@a’ruﬁw oér e-UdQeﬁﬂgnﬁm

gafamH AHFEss 28y 3 faers <t dardt’ 31?1—:&3#@ S L S R
(')'lgo(l HBT IGU fE’tlléd U H'e' ﬁ-

(13.26)

fen fafonr feg fegaa® ya =@ sfgat € <4 gy <t €3Us T Aae I&:-

in WU WU s §IND 4hn (1397)
feq 39 @erads T ¢
in %BU 8Xe iSr 24n (13.28)

feg fedfsg €3ume 3f36 wiafes afaa Je 95 w3 feast feg €€ 33 4~ & < &3t gw<t
gfdet T A 39 fa w3 feu Afgg ¥3 &7 yuz T A | Gafemy =adr &Tfea & fedss
»rf?faﬁwfeaﬁwﬁ@aw@m)uﬁfeumwfgazoo MeV <t aet € dat T |
ferer Mrass niAt fEg J9e I7 -

Hiowm fa fea sfga evA=240 T M3 feg A= 120 € € ¥37 feg fedfsg Jer T 13€ A=
24ozvrf‘-ezsr-€rzze°rEbnmaT76Mev§*(@€rﬁsa131

A = 120 =% fodfs3 &fga @ BEt Eppy HIgdr 8.5MeV Iuﬁmm@awv
g BIgIr 0.9MeV T |fsﬁgﬁm@aw1”—e'€aww240x09W216MeVU | fedzs
ot wesret &t fewes Qo ufad §-Q3urer w3 faQers <t arfgw Qorr @ gy fev




feawat T | w3 feg feo M@-o® @ e 3 I9€1s Jo IV feg ges A<t 7 | &Tfgat
foraest feg fgat fedss Garr 3 faast e G@3ues der I | vare 9y feu faass
T3t fers Gorr gay sfedt fedss 3 ot Uer Jet I | Ma® wigear feg wAt a9
fens &% feg 999r a9far fa &fgdt fonaes fae aram gaer 7 |

13.7.2 &fgat famaed (Nuclear Reacter)

migasT 13.26 3 13.28 feg vane fedss 3 fea w3t Agdt Mot &gt 7 | fedss
fafgnr few feq =7 faGes €3Us Jer T |u3°rma’ﬁ'mmfeus?;fe—u’wgzsﬁs@w
ot @3ust Jet I IfEUfEB(WU%(@TBH‘EH;h weaTet feg 2f8@2‘r?>‘n1’36r5’f€—ﬁ’
3&;@213wa€amfmwfeu%hﬁwwﬁmaammwwéﬁmw
ﬁ?@zwe?umzrﬂae"rzr |fsﬂ€wfesr83°rhﬁwrr(Cham Reaction) € Hg'e&T g
et |f8€rfewnaaruﬁwewhsrmﬁ(EnncoFerm|)?;afuwﬁr | 7 few 3T fafemr
& g dI3T A= 3T AS A=t 39 3 B9 fv® Aaet 9 | afgat fonaes few fegt der g
|Fr83°ri%tﬁwm€rw—e'wfsﬂo-es’@¢mwd|@W@maﬂaﬁafﬂ?fﬁrﬁm
mwﬁwalmmwmamm’@v&meaﬁﬁﬁ
fog Sfprr 7 |W?WU§TU%«'H€%@2W(?WF£@?WThermaI Neutrons) 37

(Fast) fa@erat €t &t *5, U & fedfsa aga feu fammer Quiiat o5 | fedss 3 g faas

37 fses J9 fedss Jae &t g 999 =t foas A 75 | v fedss feg ter

%@?x@awnmEZMeV@ra@rU | fev faes 7e 37 fa feust § 98 &7 T A=
wdfemy sfear &% fafenrr 13 539 & g9 faas e 98 IEIH'WHFFEJHT?&'W
%%@WW@WWWW;&WU@MﬁwsWWﬁ
B3 get 7 | 37 faGest & 98d 579at 5% fesmfed Agefdar (Elastic Scattering) €mmar

U FigT Aer I |Wf€€€8f%srerwafweawfew1%ru-ewﬂo€ow
mmw%@mmmawmwmﬁ@wwwww

At I |Mm@¥ﬁah€mmwémﬁwmmmm
AIHE &t S99 | fen B¢t fonaet feu 37 faGear § Ui d95 et fedss dar sfeat €
&% 3% &Tgar (fAgst & At »miered (Moderator)afde &) € <93 a3t A7l J|
fermeT39 y@iar I T8 weHed 1%, g6t 7% (D,0) 3 JeEle I5 |
79T UGH'S MEHU'S d€d (BARC) HEEt € »urgT fondaed feg wiered € gu feg 7% &
YeaT I3 At I | 9T B3ues &Et 9793 € 99 fondedt few vieved € gu feg gt
A% @ QuEar JigT AET T |
weHed € QUTar a9 fan Uua € faa® faGerar gnmar fedsst €t Afvnr er G fuses
@HémmwhﬁWﬁméme?mmiéﬂﬁw
J |fen nigu3 & I aad (Multiplication Factor) Ifde g5 | feg foniaes feg fsGerar &F
feut g $HueT J 1K= 1€88°r1%maza€°ruafes°rarrba(Cnt|cal)w@€rUFr1%rﬂfaa’
Ho(:u@su-eae?yrfew’raﬁagﬁa | K @7 W feq 3 2u g 3 fafouT g9 m3 foraeg
& ra3t f&9 99 w3t (Exponential) fedt g€t I 1K & Ws g St Aftmr € 33 579 3
foraeg W3t gif3a (Super Critical) T A= w3 foviaes feg miar &t T AgET T | A
1986 feg ga s & 9I&198 foraed feg dfewT oo few eye 3u &t oe qoe@er I foa
aTfgat foraed feg Jet gawesT fdat feamardt I Aaet T |
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fafgn &9 3 arg A= =991 fsBers m=ima ue9g 3 gt ag &3 (Control rods)
U JI3T ATET 7 | I 83T 3 fegrer fonded few Ifvmi 3 (Safety rods) € = ywar
gigr AteT & |&WW§W§B€U€3W’@€M€WWK?WE§?
% feg Iue g Aer J |

gud3t gu feg U 778 @% gafemi feu mifua °% U mimase fedsstar derl 7< fem
feg fan fa@es & grfae (Capture) geT 7, 37 IFIG #acles usefen e G3ues I
faforrer &% Jer J:-

229N p 22Pu+re (13.29)

usefem feg thi faGera € ovd &5 fedss I AaeT 7 | f939 13 .5 feg 3t fses
mxgwmmmmwmwwa | foriged €t a9
sTfgat fedss ?malfenh'vﬁuﬂagwéﬁ%au%ﬁ'm(m 3Ig Ifde g5 |

feT g8 geddt gu feu U A =8 gifeun & gae 5, U feg wfua gg& gafemy

(Enriched Uranium) gt § AgeT J 139 L9 faGersr & thir aa9& &gt Hed (Moderator) &ar
Je I5 | 197 (Leakage) < BEl 99 fea ugr=aza (Reflector) 3 fuet d<t 7| fedss
&g fsast 37y Garr & Suwa3s M3sa (Coolant) 8maT Far3d JerfemT AT § | fedfss
ﬁm@mamamwmmaem | fem Aot fe=mar 3
Islaaa fefaaer & g7a9 FW@EEEM@%H%@?%M@EU | faQerat &
waﬁrmze’r@%wem’razﬁ (fAz a3 3 get) € Guder &5 fordeq § de ot
AT AgET J | Hi3®d 3 3V fed aronaTdt 39% & et Atet J fAng ¢ € Geues ger
J | fen g€ 3 couEts & wHd fanst € @3ues e 7 | fan J9 naSt forded € =9
It arfgat fonided 3 It W39 feg 883 G3u™ faase 75 | U3 &fgat 8= ueaeT &
fsars BarSe set uH fons JusT Uer g fagfa feg 3316 wafee w3 gstaaa de o5 |
foiaeg € Ao®s T J¥ gue »3 YUz I¢ Elus € St I3 Fdf yau a3 7ie 76
| 97393t UeHE GaAr Yo few feu mafumr ydu yw g5 | fasiGnafes 883 ueas
@fde de) § ue fafonmls w3 weudrlst 395' feg ufs=af3s d9s & Ag=s=r €
nitmis et fea Quuaa GAsT 3 fea™ a9 98 faar T |

13.7.3 &fgat AGAS (Nuclear Fusion) 3Tfemr feg €34T Ass

fd39 13.1 feu Tanrfen dus Q97T =ag fev <t ganter I fa 7 € 754 &7fea firs T T
I3 &9 g&T8e 3T §9rr a3 It I | few yfafenr & srfeat Hams (Nuclear Fusion)
e I | fen T9aitt 39 Ganr faamt mfsfafenr=t € g¥ Gevas Is &3 Ik 7s:

+ et + v+0.42 MeV [13.29(3)]
®H 2H 3He +N+327MeV [13.29(b)]
2H %H *H 'H +4.03MeV [13.29(0)]



nifgfafenT (13.29) (a) fem € Yes e T fea f38es w3 fea uies g 8T g5 M3
fer fafonr feg 0.42MeV Garr faamet g | MfgfafenT (13 .29) (b) few € f3@e= fima
fea i@t &7 I8 mAETsa 9578T 95 | mfgfafenrT 13.29 (¢) few € f88es fisa
fea dfer fsBaatmi w3 Uers g=8€ I8 | Avns &et € &1fgat § 993 #ifud 33
w@wmma’rzr#mw@wefew-d MIIH3 m—wﬁw@a’rm(ShortRange
Nuclear Forces) a7dH ad A< | 9= €< 379 3 979 U&TIHA J fen Bt feust feg aow
MUFIHE 9% d=ar | fen Bt g®H »=du U9 I35 &eT aret §anT I=T Agdt I | fev g&n
w29y €t §9met arfga & IraAT M3 Wy for™ 3 foagq aa<t 95 | @eads Bet feg Ay
It EarfenT A AaeT J fa € JeraT Bet feg miedu €9t (Barrier Height) &arsar 400K eV
J M3 wfud 990 & &fgar € et feg M=y Goret 99 = famrer g<ait | fan Yo
dm fe9 YeraT ©aT IBH MI9T & U J9s Bt §fez 3x10° K 3U 3 Y3 9 Aa<t |
fen 37U ' ufga®a 39 3/2kT = K fe9 K 8 H'S 400keV T4 3 Y U3 13T AT AFET |
7€ A& fAfeH €7 37U TuT & U3 d13T AeT J 3T H a7 d% I&H MUddHS 957 &
g J9s Bt €fex afsw Goar 3=, few HuwAs § IV &fgdal HuAs (Thermonuclear
Fusion) M I& |

g™ € »iwg 37U §3UST T AW 37U 59T HaAs It I | Had € J9 €7 3TUNTE Sargar
1.5x10K T # fa WAz €9rT € gt € HGAs € ®eT Agdl migHTes I 3 aet We d |
s 99T B¢ IS |

fen Bet &gt HaHs 993 €9 3U w3 €9 3 gt § AgeT J W3 U &y of feg afgghut
A= IfomT & »iwd It GuzaT 75 |

Aod few I< =&t Auns fed 9g99s yfafenr g fan few gretgws st few seset 9
|f8ﬂ88°rﬂa?r€a‘o'fe€meﬂ—a'ﬂ?;eﬂ'u?ﬁr | §eT&- W(p—p)aaafﬂﬂwfwurky
gwaaswrf?faﬁwr@wf@md 13T AT AET T |

'H 'H 2H +e'+v+042MeV (i)
et +e" > y+7+1.02MeV (ii)
®y 'H $He +y+549MeV (iii)

He 3$He ‘He 'H 'H +12.86MeV (iv) (13.30)

I8t mifgfafenr g &€t mgat J fa ufast f3s mfgfafenmer € g9 Je w3 fen gt €
IS TS aTfga HSES ATe JiBTHH e fed sfga g=me |73 wAt 2(7) + 2(ii) + 2(iii) + (iv)
3 fegr9 gdie 3T g& yg= J=dr,

4'H 2e ‘He 2 6 26.7MeV

(4'H 4e ) (iHe 2e) 2 6 26.7MeV (13.32)
fen Bt 4 gEigAs e HWad fed 1ne UaHE S8T g5 w3 fen yfafonr feg 26.7
MeV €37 vaz d&t 7 |
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faw 379 € a9 feg fAge AR e It E@3ues aat der | fae-fae” a9 feg oelsdns
(TS feg ge5d ) Weet 9, d9 337 I &aeT J | fen &% 397 »ue Jg3< a9s
fAgg AfeT I fAN 7% &9 € 37U US BIET T | A dd € IUNS 10K 39 U A= 3T
AarAs fafedT garar I sdeit udg ge J8E Jags feg geaal few 3ot &F yfafenr
5% HEHS 9T €3 Ud RignT 7% 33T €T 7468 g I | W dus G9F Tag (939
13.1) € Qug Afaz gt 337 T fsare fen yfafenr ewmar a9t 9 AaeT |

Ao € §HT B19a1 5x10° A™S J M3 feg migHs FarfemT Ater I fa ged & 99 5 mag
A% 39 9T JUT BT wgdl Ieigns Qusey I | fens gmie geigas € AseT g
=9 W3 HIH 63T I BT U=dI fen 3% Hod MUS Jg3< J96 MI3s Baar fan
5% HId € 39 € 3V TUAT | feH 5% HoH €T It ME9s SB6 BIEr fAH 57 Had
feq &% va< feg Iudl® I A=ar |

srfeat fes™
fea gafenn arfga € fedss feg &argar 0.9x235 MeV (=200 MeV) Gan faaset &

235
Bagdr 50kg 2" or g arfaq fefsg T A2 3T BASAT 4 x 105 Gavr G3us
J=ait feg €37 20000 25 TNT € MHZ® J # fa f€a HoT feree € Bt aet J | T3t Hraa
feg srfgat Gonr e gary fenans uane fenee au€er I | 6 »Am3 1945 feg B3¢t
feg ufgst g9 fea yane a3t e Qudar ait3T fapr »idtar & AU € "fgg faafmr 3
fea varre o Hfewr |
femge 20000 25 TNT & mi3® Ft | 336 wafee G3ume™ 3 fea s feg 343000 mmaret
T8 Hfgd € 10 =941 faHlesd 439 § 399 a9 f&37 | fen f<9 66000 fa=™ U9 ITE,
69000 FUHT J€ W3 Hfgg &t 67% I <u fenraa 3far-sfow T famur |
Aers mfgfaferr=t € set Agdt 89 3V fedse 99 5% €3Us 3T AT Aae J 11954
fég 10 Hares TNT €t feHeed a3 € 99799 HT fenee & udtue at3T fapur | feg g9
fAgsT 9 Teigds € mAgTsd, 38etatmi »3 gy e Haws Jer J, ofegns 99
Ffoste 75 | feg ifemr Aier T fa €8 rastast a1fga afema Aafuz a9 52 a8 95 A
Afow fa ges Toge @t agt g9 fygst 3 € #dies € AefenT a9 Aae I& | feg fag
sTf9a feam &% &7 fiage fua<t e S93n™s dles sHe d<ar Aefa fen € IfsG wafee
R W8T % AN © 3 = fygst 3 Aies oA dar a9t afge @<ar | Auifsa
JIEaTE €@ MUd 3 A Uafen AHE wreT I €1 &t wieas (Prediction) feg fa fea &g
arfgat A War By 9 A=ar fat fa 3fs6 wafes menw Sear =far soiss <9 394
w3 oA 3 fygst ¥% w8 =3t Adhit fegaet & Ay BT |
13.7.4: fanifgz 3y sfgg HFaas

fan 379 fET afga I =&t 3Iu sfadt yfafonr e guzes fea 37v sfgat gast a5
gtz Ater J | fan fs6ifazs Aans fordes e §en afsa %5 § 108K 3ru et dn f&9
JOH J9d HETET Ha3t UeT Jd&T der | fon Iv 3 &fgat I8 uaaHa Mfest W3
feBagTaT (Plasma) €7 fHige de J |

fa@fa fem 37U § g= Jue et d€t TAg QuBIT &4t 7 fer Bt fem U § g2 Juer




feq 9&3t I1 993 A3 feme € aet on few AYy feu gaItd™ € feam &t u3aH®
75 | fegst w3aT € Ae® I< 3 He'=aT J fa AaAs fonded A+ & Sargar sy a3t
TS J9 AFSAT |

@ewas 13.7 35T fay yAasT € €39 €

(a) fa arfaat nifgfafonret € milaes (fa= fa gmar 13.7 fev €3 75) anfefea mitaas
(8€™U9s Bet 2H2+02 — 2H20) € gy feu H3fez g5 7 &dt 3t few faw gu feu feu
¥<T UN A3f®3 Jar?

(b) 7 YeaT w3 faQerar &F Aftpyt, gda fgat mifgfafenr few mafmz afdet 7, 3t fan
srfgat mfgfafen feg Um fas Goar fee (A ferer €3e) geser J 7

(c) Frugs fegra J fq fiage afgat fafenr feg ot Um Gonr fea grd feu 98 A Fae o5
mefa anrfefeq fafon feg feg ae sat gev 7 I feg afoe g5 T 1 AHTE |

I%: a)mmwgww@rﬂfaﬁ%ﬁ'mﬂmee—@wﬁﬁ?é
UgHEAT & At ms et 9 | faw arfefed fafenr feg uavenr € ys Aanas feg
gege 3t ger I | W3 fan arfeat mfgfafenr feg 337 € ge&= (Transmutation) =t T
Walmwmmﬁwmwewéﬂﬁwwm
JeT wgat &9t I 1 W3, srfeat mfgfafenr=t f&9 Yerasr w3 faGerar €T & Aftmret Sy
%Ha'ufe—afﬂa”fuwmaﬁﬁal

[ 7 f29, 993 U Qorr @ ufaiss 29 fog aus <t ydt 397 19 &1 § | #As &9 95
I99 M3 T& Fat& Hit™ (Total baryon number) Feftr3 afde a& | wAT fem 3 »igr 39
fegma &at Fatar | &rfgat mfgfagn=t [fa= fa mitaas(13 26)] f<9 milads & @< UH
yerst € At w3 faGera &t e Sy Sy gu fRe mirs 9 |

(b) At A Tt fa Frfga &t dus Qe e afga € U feg fae=sHa Haers(da amat)
der 7 | faBfa fan srfaat mfsfafanr ffg derar w3 faGersr €t €t Aftmre gafuz
gfdet g& fen set mfgfafonrr € €8 uw faBear w3 Uerat T g& feani Ya (Restmass)
AT deT I 1udg fan arfgat mifgfafen feg Ha U € sTfea &F & dus Gaar mifgfafamr
€ Y9 UH € &Tfea’ ©f g% §us §9AT € ANS 2T Agdt 341 J | feust dus =t e
»i39 srfgat mfgfafemt 3 At aret Garr AT faase Tt Garr € gy feu faaser T |
faGfa dus-Ganr Un feu taes feet g, fen et »mt Jfg Aae of fa fan sfgat
nifgfafonT feg €& U € g% Un € w39 Gaar € gu <9 ufs=afss der T | (AF fene
€ue Qo g% Un € »iz9 € gu fevu ufs=afszs g wiet 7 ) few gy feu arfgat
nifgfafent ya-Gaar € w39 gui3ds e §egds J |

(c) Ym Banr & #i39 guizgs < femet 3, fea anrfefea fafenr sfgat wfgfafenr &
Mgy J | fan anfefea faforr feg At aret 7 feass =3t Gaar wfgfafonr € gt
Uit yaHTEHT w3 vigntt €t anrfefed (57fgat aat) dus Garr=t € »i3d § Aure gt
J |

faSfa amfefea dus Goar =t fan vae A »ig € g& Ua <9 fae=va dares (UA-
I&h) § TeargeEt 4, fer et At fifer g Fae f fo foi anfefed fafonr feg gt
Uit & UaHTEHT M3 et € I8 Ud € #i39 Goar € gu few ufeeaf3z g mer g Af




897 g% UaT € »139 € gy few ufgeafsz T Atet I 9=, fan grfefed fafon feg Ua
T&tt & Uforure srfgat fafonT feg Un ot €t 38aT feg gt 8y greT Wie Jer J (7
fa /e =at 9) fa fan arfefea fafonr feg aet da Goar e »iz9 gui3as &dt der |

1399 yan'e feg f€q srfea der 7 | sfeq s 99fa3 ger J | a7fga & may femm
UIH'S & maT femm 3 104 gieT ST g7 T | uanTE = 99.9% 3 <U UH 9w g at
Jerd |

2 UgHTEHt € utd 3 Ud UaHe U fearehdt (u) feg vru A€ g5 | ufggm™r #igHmg 1
UgHE UH feamet (1u) c-12 S feqd UaHe € YA € 1/12 T g9 € a9 det 9§ | lu=
1.660563 x 10-27 kg

3&5fed feu fea wiegafaz < e J fAn & faBeras mmue g& | ferer Ud &a19dr Yes
T g JeT T |

4 far 33 & e At Z €7 33 € UaH'e € f9d 9 YeaT e At ger I 1 UA
Aftprm A, mea@af@quﬁs@wa’rmmﬁewaﬁa A=Z
+N: feir N 579 feovige %@WE‘TWE‘&H‘V@FU | fear srfgat uaaTat w3 fea

fs@asrets (Nudlide) & 2X @nar fenas 9w 7 frd X 8 anrfefea ugaTst e Hag
J | IH™S UaH'E Aftmim Z %ug 2y faGers At N € faGasets mAesd aua8e g5
|%MW@WWA?WWWW(I%M@W@E
5 M3 89 fAvsT fev faBes Aftmim N 87 H's mims 9= #imeiie™s (Isotones) Ifasrge
5 | frer3e 33 € A € 3 U ANAETSAT T HAGS J€ 96 | 33 €7 uan'e Ud OFe
AHAETSET € YA €7 371d3 HT (Weighted Mean) de7 J | fHE 379 3° H3®Y AHAESAT €F
At §9%3T 3 T |
5. afeq & BT Hae 9T Grer fed mau fen fasgufes a3 AT AaeT J | fedaes
fedss (Scattering) YGiaT € Mg 3 &7fgd € Iy fo™ fapus 13T 77 AgeT J | feg
utfenr fap 3 fa srfear & »iay fenm Jo 58 739 578 femas Jer T R=Rg A
45 Ro = fex Afgg »ia = 1.2fm feg earBer I fa &fga @7 we3= A 3 {5999 &t Jae°
m—grfg;;]_ol?kg/mBE:fa?TETj’ETfr|
6.m@%ﬁﬁs@mm@mw—wﬁ(&ortrmgw)mmwwéﬁ
de 95 | &fgat 98 fales w3 Yers &9 3¢ &dt ager |
7. afgat YA M HAT WU AWt @ g% UA X m 3 We de J | &Tfgat W3 fere Aweat
@ AT @7 %39 UA &1 qar@eT J|

AM=(Zmp+(A-Z)mp)-—M

mretHeTEts e YA-G9n™ fAuts E = me2 few Ua »igg § Gonr © gu < fee fonas
FITT I

A Ep=AMc2
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e el | et

T [M] u ua}rrgwarfaa?y?rgfemsf?
- IS5 B YA H'sT 1 fea
yaHe Ud fearet 12¢ yane

TUA V12 9T € 99799 J |

Y Afgg wia A [T7] s
"MIg MY T . Ll = v mim fawm <9 3516 nafe=
) - WS € rfgar <t Hiwwr gg <t
¥t 3 wiat Ifg At T
36 #iafe= aya & R [T'] Bg fEa 3316 wafez An =t
nafeear nafeeaT T WY
fegradar fen

1. 5Tfgat ueETgE € we3T FTfgd & ATfed € f&aga adl daer | yanTe Ua we3= fen
fao T UsE adt JaeT |

2. fe8des Aaefdar gmmar farums a3t aret sf9a € w9y fem e Ws mder — g
Ao efdar & Wmarg J U3T J13T aret #ay fom™ 3 99 29 utfemT faprr 7| feg faar fer
wet J fagfa fedaers Aaefdar afaa € gan fez9s 3 ygfes ger I Aefd #izeT g
w3 OF fAg 99 a< &rfgat ueeg 3 ygfe3 ge Is |

3. mrfesHeTels (Einstein) ©HaT UA W3 €987 €t ANg®3T E = me2 udedfi3 a3 A 3
gE g< WAt YA Hafirie w3 GorT mafumie € =Y fau &t 3is &t dae w3 uA
o € feq It fowd € 3fs age o7 | gegs fR9 feg fam mmy ygr=t I w2 ferer yie
mmﬁﬁmwmww@awﬁmem Ff?&’r@awms
@H?Haﬁﬁﬁéguiév@uwwmmfmm?@mmmm
yfafenr (@ o wfgfafenm) € Q — & & mgm3t w3 »ifaw dar € uer s femas aisr
AT e J |

4. (Y3t faQa@s) dus Garr =99 <t yfaast few gan@et I fa 3rv fsamt sfaat
nifgfaforr=t Age 95 A € I8 &g €7 AUAG Jdd O e ITat &Tfga & HU UA 8
g &fgar @ fedss &g a4t A7 Aget J|




5. AGTs € B8 38d &Tfear f&9 Agat mdfga Ganr d=t srfoet I 37 A few go0
Uefrme §dta (Coulomb potentral barrier) € M=3U § U9 99 AT | fedt a9 I fa AaAs
< ®er 93 €9 33U &t FF It I

6. 3= (Y3t faQamtnrs) dus Gar Tag Bar3aHeT I M3 fon f<9 98 - 38 It ufo=ass
wrgEr § udg fer <9 4He, 160W%@W€8ﬁfﬂuawamfwme°r
3g 3t a1fea 9 Tt 7S g9aT I & Ag3 HiewT Aer J|

7. fors feb fa fedaes — Ules fea ae — yItaes 737 7| fen f UA fea mirs T
fegt feg gran € Ufon= AHs Udg €3< yfaast € g€ o5 | (feg ufenr farrr I fa A<
fea fedacs m3 fa uTdles f€a g1 7% Ay M™8'E U 37 feq gHe & fedus a9
fée 98 M3 v - fageT 25T € gu &9 B97™ yvs Jae 95 )

8. B - ¥ (feBacs E3rans) f<u fedacs € 5% €3mafAz 9 =& a< wet - faledts
(anti-neutrino) (v J | fene €%e Bt -4 (ﬁﬁw@émﬂﬁ)féﬁfa@zﬁ%(v)@mfﬂg
ger 9| fsGedts w3 wet fabedts v A3 ae — yStae e 737 ger J | geg3 <9 99d
aswfeaus’r aa'wznfsﬁm’r anﬁm@u@rma fa g=r
grdter I ?

9. feq vaz fsBes MAEEt e Tl (n —» p + e~ + ) MUT, feA 37 € W3 U
T 4 H9< &t 7 | few 3gT &7 9< € d9s feu I fa Yers e Un faBers & Un & 35T
e 53T ufe Jer J|

10. ™ 39 3, MBeT U HeT @3IHIHS I ge I §3HgHs JeT I | I 8aTs Sanafas
g9d det sTfga 939 M=wET (excited state) 3° foHa3a mienET (ground state) fEg Fear
J | miweT M3 dier @3ngAs © gie JEt sifga 8939 wiengT f&9 3fg Aaer 7| fex ot
sfga 3 (fA=" fa fe 39 13.4 &9 wane e 60N « Fegg f&9) amnT fageT e st
83rars fEn 3% & e Yy J fa arfea ff9 =t uanrenr <9t dfs3 Qe Uug de
I |

11. ISIG #afeesT 57fgd € MAgTEt 9 € §OF J | 784 &19d f<9 AETet d< Bt
fs@eraT W3 YeraT & At €7 wigus 1:1 9T grfger 71979, 5719 € Afgg I &et
feg Miaguz 3:2 9T grfgeT T | (Uest € fega™d B916 T8 MU-JIHs € YI'< ‘é’trrg?r
Eﬁwfa@zwe?asﬁéaﬂ)lfmwwﬁm@ﬁwmwmm
amfearar@wmﬁs@zwwucw €t mifggzT d<t 7| viAw <9, (g 337 @)

famima mimETsat € fieg Bargar 10% ot AETEL 95 | 39 319 gaT=et U &T% YHITHTST
feg famma A3 AT 75 (feo mamet Y@=t 3 & ,p,d, n @ I9 IS € Yu<T gaT
57T ATE I6) | MAETE AMAESY HATT &9 uega’ € wdig! yueT &9 &t medfaz a13

e 75|




wfg™
g™ € YAs I8 dds <9 Jot fou nas Wy #t et Quusht fAg d=ar|

e =1.6x107"°C N = 6.023x10% per mole
1/ (4me,) =9 x 10° N m*/C” k =1.381x1077 g
1 MeV = 1.6x107"7 1 u= 931.5 MeV/c”

1 year = 3.154x10" s

m, =1.007825 u m_=1.008665u

m(iHe) = 4.002603 u m_ = 0.000548

131(a)ﬁaﬂwmgewe°rmmmw Li M3 L1 éamwu@mgasi@‘oﬁs
mg92.5U|fewmma1?>—oF€y?rasﬂeﬂ‘o’.6.010512u WIE?OlOOuUB:]'EﬂWD-I'E"'
UIH'E UH U3T 37 |

(b) 5975 € € REE AMAETSY 2B W3 |B 7% | fegt € U SS9 10.01294 un3
11.00931 u 3 §975 €7 YIH'E 99 10.811ud | °B M3 "B E TgSIT UST I3 |

13.2 famrs € f3& AaTet mHAETsaT € 9g%3T B39 : 90.51% , 0.27% M3 9.22% 7 | feg™
AHAETSET € UaH'E U B3t=T9 19.99 u, 20.99 u 3 21.99 u J | fom™s BT A3 UaH'E
A u3T ad |

133 5ters faBafemm (') N) €t gus e MeV fE usT a9 m = 14.00307 u

13.4 forafafuz Migahr & »marg 3 1sFe w3 2B arfgar &t dus G MeV f&g uzr
a9 | m (Fe) =55.934939 u 1 (' Bi| = 208.980388 u

135 f&q f&3 98 fia & ya 3.0 g I | 7 Gaoar €t are3 a9 fanet fon fia € A9
fs@erat w3 YeraT & ffd gHT 3 T J9s BT Aga3 I< | HI%3™ & Ha &6 fa fiar
ua°r3§T (5Cu =" =62.92960 u) |

13.6 forsfafuz st sfgat aHlaes f&y :
(1) o—decay of *;{ Ra (ii) cdecay of ;] Pu

) F—decay of f;P (iv) [ —decay of zglgBl
' 11 : ~F 97
(v) f—decay of [ C (vi) O —decay of [; Tc

(vii) Electron capture of 1;?3 Xe



13.7 € IFt6wafes mAEsa € g W™a T A& J | fda A g feret wafe=sT,
HIT 3T mafe=aT € (a) 3.125% M3 (b) 1% Ifa A=t |

13.8 #ife3s Ious-ga3 Y € Aruds Mdfee3T, Y3t gy J98s &eT 15 §-y3t fHae I
fezrmaﬁ:a'? AETEl AHAESd '{ C € 378--578 WBU HT34dT {9 Hge azﬂ@maf-@?
:C & g% Jerdidle @iz ic I T miss € 58 fEHETUHHUH fafamr (7
Uz A3fB3 nidfeea §WWU)WUMUWWWW
Jet Hg I AT 91 '; C & fapr3 »i@u mmd (5730 A®) M3 SHS ©F WUt aret mafe=ar
€, Mg 3 fenet 338t vy & g3 A3t A7 Aaet I | fedt yarss fefomrs &g
y&ar 9 T8t 1 ¢ T®-faguras (Carbon dating) yust € fAuiz 71 feg e & fa Hos
H7e3 3 Y3 fan sya & mafe=3r 9- ¥ Y3t fife Y=t amd ages 7| fifg wret rg 3T &t
BIBT MY T HIBES d4 |

13.9 8.0mCi Afag3T e IFEHdafes v YUz a9 Bet £ Co €t fdat vraar €t 3 <aft |
0y St IT MG 5.3 7T T

13.10 225y €t wau-Mty 28 A J | fer mAETS € 15 mg € fewes €3 &t 7 2

13.11 A& € AR5 Aumsf@?’remmm?ror AEE%?;@B&W@FHEWET
?BW)—I"B‘UB"’E(HI

13.12 (a) ;s Ra w3 (b) ¢ Ra &fgat & « - ¥ &9 faq® « - a=t & Wa Q- W M3

aifsw QoA farn3 &9 |
m (*wRa) =226.02540 u, m (% Rn) =222.01750 u,
m (% Rn) =220.01137 u, m (% Po) = 216.00189 u.

13.13 IS faQafsmmets (Radio nuclide) ** e ¥ forafaiuz mitags € MgAg Jer J:
C sl B+e +v: T,,,=20.3 min

G3mafAz uTHle™s &t mifuaan 897 0.960 MeV J Ut € fanasfasfuz s &3 ar o5 -

m('}C)=11.011434 u»3 m (}}B) = 11.009305 u,

Q- H'& U3™ 33 »3 §3nafAz urrieTs & wifuasy 897 € s 3 feret 386 a3 |

13.14 3} Ne T &f9d, 5 G3mans € &% ¥ ger I fen g o € et mides fod w3
S3mefa3z feddaerat € mfuaan arfaw Gaar usT &g |

m (j;Ne) = 22.994466 u
m (3Na) — 22.089770 u.



13.15 fom sfgat wifgfafon™ 2 + » —» o + g € QHS farsfafuz mitaas gnmar
ufggTag der I

O = [mAer_._J—mC—m__g]C:

fg f&3 are UA, afgat feam UA (rest mass) I& | &3 are »iafam™ © mag 3 ©F fa
forafafyg faferrer IuRYt 95 A7 37U faamt :

@ {H+H -7 H+/H

(i) ', C+'2C —;2 Ne+iHe

fe3 are yanre Uw fem 397 98

(}H) = 2.014102 u

(};H) = 3.016049 u

('2C) = 12.000000 u
JoNe) = 19.992439 u

5 83 82 3

13.16 Hfem fa »irt 2 Fe &g & @ AT miTu=t 2 Al SS9 fedss a4t | fa Gaar <t
579 &% feu fedss A= J ? fen an &9 Q- s YUz aad musT 39d fe§ |
f€srd:m (JiFe) = 55.93494 um3
Im {1133;5,.1] = 27.98191 u

13.17 %} Pu € f<d3% T 593 9% U I MBE -- 98¢ 75 | Y3 (<dss fsast WAz
89rT 180 MeV J 1 # 1kgHT 237 py € A9 UanTe fedss J Are 3 fdat Garm Mev
feg faaaatt ?

13.18 mlooonkﬂ’me“wﬁﬁmwswkvwwalmmfm
feg fdar 227U At ? He 3§ fa foraes 80% mi arormts afder g, fene"rua’r@aw

5 U Efeua?;ya‘r@wzrﬁzrw’bu fsQamrets frge fedsa fafonr f&g ot
yug der I

13.19 2.0kg 3@t € AGwHs 3 f€a 100 e T fanwe! 3y fdat €9 3T yarfiz du
AT AaeT J ? AuAs fafenr fen 3gt fedt A7 Aaet 9 ¢

"H+ H— He+n+3.27 MeV

13.20 ¥ f88<aT € »raHE-AOHS &1 Jd9 BT IBH MIIU & GIet u3T J3 | (HI3--
IB™ M9y € Guret v s fegt f3Berar € fegag Sare =& €1 g&y yStagne
g% € §7999 Je7 J 7 € gnd 5% Audd <9 du A< 3 BT € f<e saeT 9) I feg
& Aae It fa f88es 2.0fm yg™=t »iau fe™ € o7 318 d€ I& |



13.21 mleas R= g, a*/*& W9 3, €9A'G g &rgat ueraar €t we3T HI19ar Afeg I
(= A 3 faagg aat ager) g r, Ea fauzsta T w3 A afaa € Ua "igwr 31

13.22 far &fea 3 g* (Uirle®) €3rans ©f fa J9 yStuart yfafenr I fan fedaes
Lr&ro'rh?(electroncapture afde J | fen f<g yanre &t rieget i, Hs 36§ K- 7s,

3 & fedaes, 57fga uﬁm&rzaawawfeaﬁs@aﬂx (neutrino) ,, 83wafAz
JaaT J

e T+ X = Y + v

TIg fa 7 g7 G3HdAs Goar fegg 3 wigH3 I 37 feddes ufgafoe & mgHs
ydg femer e nigH3 aat J1

d3 mife (Additional Exercise)

13.23 M=g3-AgeT {9 Has P BT Mz uanTE Un 24.312 u f&3T 3fem 3| feg nina
W, fuest 3 fere mgsar € AUy 9983 € g 3 &3 9femT I | HerstHiy €
fda mmarsa »3 feqt € U fem 337 98 - 74 Mg (23.98504 u), ;5 Mg (24.98584 u) M3
1T Mg (25.98259 u) | FEa3 <9 yru3 HaaiH fST 13 Mg & 5g&3T 78.99% J'137 &t
AHAETSAT ©f 9g&%3T ©F Ufdass a4 |

13.24 fa€es fyuaas GaaT (Separation energy) Ufgsmr & mignta, 8T Gaar 7 fan
sfga 3 fEHﬁE@?’H??e:oEE‘THddlueIUIdo'fééaTE!ma;seTumElTaa@’fr@“(a
w3 1Al arge €t fofers fudeaas Goar ugT &9 |

m(30Ca) = 39.962591 u
m(5Ca) = 40.962278 u

m(38Al) =25.986895 u
m(}]Al) = 26.981541 u

13.25 fai Ay f<9 emean € € 3316 wafee fs@sis o5 JIP (T,,. = 14.3d)
w3 1P (T, = 25.3d) 53 {9 33p F 10% & yuz Jer T fend 90% &

YUZ 95 Bt fod AN @ fEIATT FaaT ugaT ?
13.26 ¥ U™ Ufgrfamt {9, fea &9, o - = 3 U YA %" ffq g G3nafAz Jaa
¥ ger 7 | forasfafuz v - yfaferr=t 3 fega a9 -
‘2iRa 5 0Pb+ 15 C
zééRa —}219R11+ 4He
feat g5t g-yfaferr=t &t Q-Hs U3 a9 3 Tan'S fa €< yfafen=t Gaar € wiru9 3

HI< I&5 |
- 183




13.27 37 fs@erat wmmar 1y @ fedss 3 fevmg a3 | fan fedss yfafenrr fSe ganrst
»iAT (Primary fragments) € gte™-4 € gmie det fsBeras §3rafaz sat derma e
w3}, Runifan 83ue yuz Je g& | fedss yfafen B8t Q € WS u3T a9 | Agat
e

m(*3U) =238.05079 u
m('}Ce) =139.90543 u

m(33Ru) = 98.90594 u
1328 D-T wifgfafanr (fs§2dtnr i #ewms) H+ JH —> ‘He +n 3 feue
qd |
(@) It fE3 vigzg € mrurg 3 mfgfafonT 3 fsast Garr e s MeV fRg usT ad |
m(iH )=2.014102 u
m(iH ) =3.016049 u

(b) f8BtTt w3 gretehny €& T wigy fen™ &argar 1.5 fm s &8 | fem nifgfafonr
9, St arfgat € fegd@ IBH »udane 3 Td Jda Bel fdaT aifsd Ganr <f 83
u=3it mfgfafenT 5g s9s et T (D W3 T dWN) & fam 37U 3 Jen di3T Arer Irfder
g

Aoz (far Aers faferr et Aget aifsw Ganr = Hans fafewr fee gt € WAz 37U

qf3a 89A™ = 2 (3kT/2)) : k: §BeaHTs AfET M (Boltzman's Congtant) 3 T = UgH3™U

13.29 Jat f&3t aret ¥ - UmaT fS9, /- u &t fefage mfeagti™ W3 p-a=r &t mifuaan
afsa GerAr uzT &9 : fe3r g

m(**°Au) = 197.968233 u
m (**°*Hg) =197.966760 u
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fg939 : 13.6

13.30 Ha# € »i€d (@) 1kg IEISIH6 € Auds € AN feaat 89aT usT aqd | (b) fedss
fordes ffg L0kg 23° ¥ fedss ST fsast €aar u3™ a3 (a) M3 (b) yAaT 9
fsast Ganr €t 3BaT J3 |

13.31 ¥& 8§ fa 9793 =T 2020 39 200,000 MW foABT AF3T UeT dd& & J | fereT 10%
fsfgat ma3t foraedt 3 yruz de T | Hfewr fa foraes € »Az Guder gnssT
(U & faast <9 39et® a9a € gAB3T) 25% J12020 € M3 39 A3 €F & Y3t
% fds fedsstar gafenn € 83 d=ait | 225y y3t fedss @3nafas €aam 200MeV
JI




